Objective: Elevated levels of glucocorticoids in depression have been hypothesized to be associated with damage to the hippocampus, a brain area involved in learning and memory. The purpose of this study was to measure hippocampal volume in patients with depression. Method: Magnetic resonance imaging was used to measure the volume of the hippocampus in 16 patients with major depression in remission and 16 case-matched nondepressed comparison subjects. Results: Patients with depression had a statistically significant 19% smaller left hippocampal volume than comparison subjects, without smaller volumes of comparison regions (amygdala, caudate, frontal lobe, and temporal lobe) or whole brain volume. The findings were significant after brain size, alcohol exposure, age, and education were controlled for. Major depression is a common psychiatric disorder that is associated with considerable morbidity. Depressive episodes are associated with high levels of cortisol in about 40%-50% of patients (1). Elevated levels of glucocorticoids seen in stress have been associated with damage to hippocampal neurons, and the diagnosis of posttraumatic stress disorder (PTSD) has been associated with hippocampal volume reduction and deficits in declarative memory function (2, 3). Hippocampal dysfunction may contribute to verbal declarative memory deficits in depression (4, 5). Few studies, however, have examined hippocampal volume in patients with depression. Neuroimaging findings in affective disorders include ventricular enlargement, widening of the cortical sulci (6), and smaller volumes in the right hippocampus (7), left amygdala (8), and temporal lobe (9) in bipolar disorder and increased subcortical white matter areas of increased signal intensity (10), smaller caudate and putamen volumes (11), alterations in hippocampal T 1 relaxation time (12), and reductions in gray matter in the left temporal lobe (13) in unipolar depression. Studies of hippocampal volume in unipolar depression have had conflicting findings; some studies of amygdala/hippocampal volume (combined) found no difference in comparison with control subjects (14), and others found a reduction (15). The purpose of the current study was to compare hippocampal volume of patients with treated unipolar depression and nondepressed subjects.
Major depression is a common psychiatric disorder that is associated with considerable morbidity. Depressive episodes are associated with high levels of cortisol in about 40%-50% of patients (1) . Elevated levels of glucocorticoids seen in stress have been associated with damage to hippocampal neurons, and the diagnosis of posttraumatic stress disorder (PTSD) has been associated with hippocampal volume reduction and deficits in declarative memory function (2, 3) . Hippocampal dysfunction may contribute to verbal declarative memory deficits in depression (4, 5) . Few studies, however, have examined hippocampal volume in patients with depression. Neuroimaging findings in affective disorders include ventricular enlargement, widening of the cortical sulci (6) , and smaller volumes in the right hippocampus (7), left amygdala (8) , and temporal lobe (9) in bipolar disorder and increased subcortical white matter areas of increased signal intensity (10) , smaller caudate and putamen volumes (11) , alterations in hippocampal T 1 relaxation time (12) , and reductions in gray matter in the left temporal lobe (13) in unipolar depression. Studies of hippocampal volume in unipolar depression have had conflicting findings; some studies of amygdala/hippocampal volume (combined) found no difference in comparison with control subjects (14) , and others found a reduction (15) . The purpose of the current study was to compare hippocampal volume of patients with treated unipolar depression and nondepressed subjects.
METHOD
The study group consisted of 16 patients with a history of depression based on the Structured Interview for DSM-IV currently treated on an outpatient basis with antidepressant medication (paroxetine, fluoxetine, or desipramine). Ten of the patients were men, and six were women. Patients were excluded according to criteria described elsewhere (3); in addition, patients with a history of PTSD or current medication use other than antidepressant were excluded. Depressed patients had a mean of three inpatient hospitalizations (SD=4, range=0-10), they had been in remission from depression for a mean of 31 weeks (SD=33, range=6-120), and they had experienced an average of two previous episodes of depression (SD=3, range=0-10).
BRIEF REPORTS
Comparison subjects (N=16) were case-matched to patients for sex and handedness. There were no differences between patients and comparison subjects in age (mean=43 years, SD=8, versus mean=45 years, SD=10), years of alcohol abuse (mean=4, SD=7, versus mean= 3, SD=5), or years of education (mean=14, SD=2, versus mean=15, SD=2). One of the patients had a past history of alcohol dependence, three had a past history of alcohol abuse, and two had a past history of polysubstance abuse. One of the patients had current panic disorder without agoraphobia. All patients and comparison subjects gave written informed consent before participating in the study.
Magnetic resonance images were obtained and analyzed by using methods described in detail elsewhere (3), including measurements of a mid-hippocampal segment performed by two blind raters. Volumetric assessments were also made of other regions (table 1) for purposes of comparison and to determine if volume changes were specific to the hippocampus as previously reported (3). Frontal lobe measurements were performed by measuring the frontal lobe on all coronal slices anterior to the anterior commissure. There was a high level of interrater reliability for hippocampal volume measurements between the two independent raters for the left hippocampus (r= 0.93, df=31, p<0.05) and the right hippocampus (r=0.94, df=31, p<0.05).
Repeated measures analysis of variance (ANOVA) with side (left versus right hemisphere) as the repeated factor was performed to compare left and right hippocampal volume (as well as comparison regions) between patients and nondepressed subjects. Univariate statistics were used to compare left and right hippocampal volume; a level of significance of p<0.03 was applied to correct for multiple comparisons. Multiple linear regression was used to examine the relationship between hippocampal volume and diagnosis while controlling for potential confounders.
RESULTS
Repeated measures ANOVA with side (left versus right hemisphere) as the repeated factor showed a significant main effect for diagnosis (table 1) and no significant main effect for side or side-by-diagnosis interaction. Univariate analyses showed a statistically significant 19% smaller volume of the left hippocampus in the depressed patients than the comparison subjects; the difference remained significant after differences in whole brain volume were controlled for, but a 12% difference in right hippocampal volume between the groups was not significant (table 1) . There were no differences in volume in the comparison regions with the exception of the right amygdala, which was related to a larger volume of the right amygdala in depression (table 1) . This effect was not significant, however, after differences in whole brain volume were controlled for.
There was no correlation between left hippocampal volume and clinical variables, including number of weeks in remission, number of previous episodes of depression, or number of hospitalizations for depression. Multiple linear regression to control for possible confounds that may affect hippocampal volume, including age, years of education, and years of alcohol abuse, continued to show differences in left hippocampal volume between patients and comparison subjects when these potential confounders were entered in the model.
DISCUSSION
Patients with remitted major depression in this study had a 19% smaller volume of the left hippocampus than matched comparison subjects. There were no differences in volumes of comparison regions between the groups in the temporal lobe, caudate, frontal lobe, or whole brain.
There are several possible explanations for our findings of hippocampal volume reduction in depression. Elevated levels of glucocorticoids during depressive episodes could cause hippocampal damage, leading to a reduction in volume. In this model, chronic repeated episodes of depression may lead to progressive hippocampal atrophy over time, possibly increasing the risk for subsequent depressive relapse. Other factors, such as reductions in neurotrophins, could also be responsible for hippocampal volume reduction. However, the current study did not include measures of cortisol during depressive episodes, and future studies are needed to evaluate the relationship between cortisol and hippocampal volume in depression. It is also possible that smaller hippocampal volume from birth, or secondary to some premorbid environmental factor, is a risk factor for depression.
Amygdala volume was larger in depression but not significantly larger after we controlled for brain size. The meaning of these findings is unclear and should be replicated. It may account for the finding of Axelson et al. (14) of no difference in combined amygdala/hippocampal volume in patients with unipolar depression.
